Introduction: Lifestyle behaviors are essential elements of diabetes care. The aims of this study were to identify distinct subgroups of people with type 2 diabetes based on personal levels of lifestyle behaviors and explore the different characteristics across these subgroups. Methods: In 2015 and 2016, 1504 outpatients with a diagnosis of type 2 diabetes were selected via two-stage simple random sampling from 10 municipal district hospitals in Tianjin. Participants accepted an invitation by experienced
INTRODUCTION
There has been a worldwide escalation in the prevalence of diabetes mellitus (DM) in the past decades [1] . The number of individuals living with DM is projected to reach 592 million by 2035 [2] . In China, the most populous country, the estimated prevalence of diabetes has increased dramatically from 1.3% in 1986 to 11.6% in 2010, translating into 113.9 million Chinese adults with DM [3, 4] compared with the USA at 9.9% [5] and Europe at 8.1% [6] . Among the developing countries, China also has the largest population with diabetes [7] . Thus, DM has become one of the most alarming public health issues among all nations, especially China.
It is well established that unhealthy lifestyle choices may worsen the condition of type 2 diabetes. Insufficient physical activity, low consumption of vegetables, high salt intake and smoking are associated with poor glycemic control, exacerbating the development of both macro-and microvascular complications [8] [9] [10] [11] , and heavy drinking is associated with higher risks of cardiovascular events and all-cause mortality [12] .
The evidence also shows that unhealthy behaviors often coexist within an individual [13] [14] [15] [16] [17] . For example, a German study reported that 66% of drinkers had at least one other unhealthy behavior, and 75% of smokers reported coexisting physical inactivity and/or an unhealthy diet [16] . Another study in England found that over 70% of adults who participate in one of the unhealthy behaviors also engaged in the others [17] . Additionally, compared with the simple sum of the separate effects, the combination of unhealthy behaviors is usually linked to a higher increased risk of mortality [17] . Therefore, it is essential to know whether we can identify subgroups with similar behaviors in individuals with type 2 diabetes so that interventions can be better tailored and targeted.
Latent class analysis (LCA), a flexible person-centered approach, has conceptual parallels to cluster analysis but is based on a measurement model much like factor analysis [18] .
Individual variations inherently exist in the population but may not be clearly observed. LCA can distinguish the heterogeneity among individuals based on the response to observed variables (e.g., the presence or absence of specific behaviors) [18] and is widely used to explore patterns of multiple behaviors in different populations, such as children and adolescents, overweight/obese adults and older adults [13] [14] [15] . These study results have revealed that LCA is an innovative and effective method for grouping individuals with similar behaviors.
Evidence from diabetic studies, however, indicates that lifestyle behaviors are often separately studied [19] [20] [21] [22] . Little is known about how these behaviors co-vary in populations with type 2 diabetes. Accordingly, the current study aimed to (1) explore the patterns of modifiable lifestyle behaviors (physical activity, sedentariness, diet, smoking and drinking) using LCA and (2) examine the demographic and clinical characteristic variations among distinct patterns, thereby identifying the subgroups of patients who are the most at risk. A full understanding of how the lifestyle behaviors cluster and whether typical risk subgroups can be identified on that basis could provide valuable and useful information to plan intervention strategies for individuals with type 2 diabetes.
METHODS

Study Design and Patient Selection
In 2015 and 2016, a cross-sectional study was conducted in Tianjin with two-stage simple random sampling. We included ten municipal districts consisting of six urban districts and four suburban districts. In the first stage, one healthcare insurance-assigned hospital was randomly selected from each district. At the next stage, patients who sought care between 23 November 2015 and 13 January 2016 were randomly selected. The inclusion criteria were as follows: being an outpatient with type 2 diabetes and covered by special disease outpatient service insurance (SDOSI); aged 18 years or older; being a local resident for at least 5 years consecutively before participation in our study; without mental illness, able to communicate verbally and able to provide informed consent. The exclusion criteria were as follows: having type 1 diabetes; having diabetes secondary to other diseases; pregnancy or breastfeeding. Our research was neither experimental nor interventional. Therefore, a trial register was not conducted.
Data Collection
Individuals were informed about the objective of the study and were asked to sign a consent form before the initiation of data collection. In the current study, we enrolled patients who were covered by SDOSI because each had a unique personal code comprising ten digits to represent themselves in the Municipal Human Resources and Social Security Bureau System. Participants accepted an invitation by experienced physicians to complete a questionnaire. They only needed to fill in their own personal code, which was recorded on their Medicare Card. Personal information such as name and phone number were not collected. Therefore, the anonymity of the participants' personal information was preserved.
In total, 1585 questionnaires were collected. The response rate was 93.2%, and 81 questionnaires were excluded because of missing data. Thus, the final sample size for this study was 1504.
All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964, as revised in 2013. Informed consent was obtained from all patients for being included in the study.
Study Variables
Demographic variables included age, sex, height, bodyweight and waist circumference. Height and bodyweight were self-reported and were used to calculate the body mass index (BMI) (kg/m 2 ). Overweight and obesity were defined at cutoff points of 24 and 28 kg/m 2 , respectively, according to the Working Group for Obesity in China [23] . Abdominal obesity was defined as a waist circumference larger than 90 cm in males and 85 cm in females, a more reasonable cutoff point, especially for Chinese patients [24] . Clinical variables included a family history of diabetes, diabetes duration, HbA1c level, treatment modality and diabetes-related disease. A family history of diabetes was defined as at least one first-degree relative (parents, siblings or children) with type 2 diabetes. Diabetes duration was defined as the time from diagnosis to study entry. Treatment modality was classified into three groups: the oral antidiabetic agent-alone group (e.g., metformin and acarbose), the insulin-alone group (e.g., insulin aspart and insulin glargine) and the oral antidiabetic agent combined with insulin group. The measured HbA1c and previous diagnosis of diabetes-related disease were ascertained by reviewing the medical records from secondary or tertiary hospitals in which the patients had ever been admitted. The HbA1c level was used to evaluate the glycemic status, where\7% (53 mmol/mol) was defined as good glycemic control and C 7% (53 mmol/mol) was defined as poor glycemic control [25] . Diabetes-related disease included macrovascular complications (cardiovascular disease, cerebrovascular disease and peripheral vascular disease), microvascular complications (diabetic nephropathy, diabetic retinopathy and diabetic peripheral neuropathy) and diabetes-related comorbidities (hypertension, hyperlipidemia and metabolic syndrome). The detailed definitions of diabetes and its complications are described below.
Definitions of Diabetes and Its Complications
Diabetes was defined based on characteristic symptoms of diabetes (thirst, polyuria, polyphagia and weight loss) plus either a fasting plasma glucose level C 7.0 mmol/l (126 mg/dl) or a 2-h post glucose load C 11.1 mmol/l (200 mg/dl) [26] .
Cardiovascular diseases included ischemic heart disease with an abnormal electrocardiography or stress test, myocardial infarction with typical changes on electrocardiography and plasma enzyme testing, coronary revascularization, percutaneous transluminal coronary angioplasty or coronary atherectomy [27] .
Cerebrovascular diseases included asymptomatic cerebral atherosclerosis, stroke (ischemic and hemorrhagic stroke), cerebral small-vessel disease and acute cerebral vascular disease [28] .
Peripheral vascular disease (PVD) was defined as an ankle arm blood pressure ratio\0.8, either at rest or after exercise, or a history of amputation due to PVD [27] .
Diabetic nephropathy was defined as having persistent proteinuria, i.e., urinary albumin excretion rate (UAER) C 20 lg/min or urinary albumin (UA) C 30 mg/24 h, after excluding other causes of kidney damage, urinary system infection and blood in the urine [29] .
The definition of diabetic retinopathy was based on typical changes of retinopathy on funduscopic examination due to diabetes, including background, pre-proliferative and proliferative retinopathy or maculopathy [29] .
Diabetic peripheral neuropathy was diagnosed if abnormalities were found in two or more of the described criteria: (1) the presence of one or more symptoms; (2) the absence of two or more ankle or knee reflexes; (3) abnormal vibration perception threshold related to age-related measures; (4) abnormal autonomic function as assessed by postural hypotension with a fall in the systolic blood pressure of 30 mmHg or more and/or loss of heart rate variability (R-R ratio\1) [30] .
Latent Class Indicators
The measures of latent class indicators included nine items that represent multiple dimensions of lifestyle behaviors. Binary latent class indicators were created to best reflect existing health recommendations and/or national guidelines, as described in detail below (Table S1 ).
Physical Activity
Participants reported the frequency and duration per week that they spent engaged in vigorous and moderate-intensity physical activity (i.e., activities that cause the body to heat up and sweat slightly, 50-70% of the maximum heart rate). The two items were combined to determine whether patients met the recommendations of the Chinese Diabetes Society as well as American Diabetes Association (ADA): adults with diabetes should be encouraged to engage in at least 150 min/week of moderate-intensity aerobic physical activity, spread over at least 3 days/ week [24, 31] . Another item assessing the level of physical activity was whether the participants had engaged in regular exercise (allowing no more than 2 days to elapse between exercise sessions) during the past 3 months.
Sedentary Behavior
Participants were asked to report how many hours per day they usually spent on sedentary activities (i.e., working at home or the office; watching television; reading books or newspapers) and whether they engage in long-time sitting (defined as more than 90 min). The ADA recommends that all individuals, including those with diabetes, should reduce sedentary time, particularly by breaking up long-time sitting (90 min) [31] . Considering the national provision of working time is 8 h, we defined exceeding the recommended sedentary time as more than 90 min and the total time as[8 h per day.
Dietary Habits
Healthy nutrition recommendations for the general public are also suitable for the population with type 2 diabetes [32] . Thus, in the present study, the consumption of staple foods, the main energy source, was dichotomized:[400 and B 400 g/day; cooking oil:[30 and B 30 g/day; salt:[6 and B 6 g/day, consistent with the recommendations of the Chinese Nutrition Society [33] . People who reported daily consumption exceeding these criteria were identified as exhibiting unhealthy eating behavior. Additionally, patients who reported a daily consumption of vegetables of at least 400 g were identified as exhibiting healthy eating behavior.
Smoking and Drinking
The Chinese Diabetes Society suggests all patients avoid smoking and does not recommend drinking, especially for patients with type 2 diabetes [24] . Participants were asked whether they were current smokers or drinkers. A current smoker refers to smoking[1 cigarette/day and sustained[1 year; a current drinker refers to daily alcohol intake of 25 g or higher for males and 15 g for females, sustained[1 year. The two items were dichotomously coded.
Statistical Analyses
Latent Class Analysis Latent class analysis (LCA) is an effective and flexible person-centered approach to group individuals with similar characteristics and is widely used to explore the observed patterns of multiple behaviors [13-15, 18, 21] . A series of latent class models beginning with a baseline one-class solution were conducted. The appropriate number of classes was chosen based on a combination of model-fit indexes and interpretability as follows [34, 35] : (1) G 2 statistic: generally, G 2 estimates that are less than the model's degrees of freedom signify a reasonably good model fit; (2) the Akaike information criterion (AIC), Bayesian information criterion (BIC) and sample-size-adjusted Bayesian information criterion (ssABIC): for all of these information criteria, a lower value indicates an improved model fit and a more optimal balance between the model fit and parsimony; (3) average latent class probabilities for most likely membership (ACPs), where ACPs approaching or exceeding 0.80 were desired; (4) model interpretability (e.g., each class should be distinguishable from the others based on the item-response probabilities, no class should be trivial in size, i.e., with a near-zero probability of membership); it should be possible to assign a meaningful label to each class.
Descriptive and Univariate Analysis
After model selection, individuals were assigned to the class in which they had the highest posterior probability of membership. Characteristic differences across latent classes were examined.
The data were given as medians (interquartile range) for continuous variables and proportions for categorical variables. After checking the distribution of continuous variables using a normality test, we used the Kruskal-Wallis test for non-normal distributions to compare continuous variables across groups. Categorical variables were compared using a chi-square test or the Kruskal-Wallis test for ordinal variables.
Multinomial Logistic Regression
To facilitate specific target group intervention measures, indicators of the subgroups were investigated using multinomial logistic regression, with class 1 as the reference category. Variables that are included in multivariate analysis were selected based on the results of univariate analysis. Age was divided into three groups according to the definition of the World Health Organization: youth (\45 years), middle aged (45-64 years) and elderly (C 65 years) [36] . The numbers of diabetes-related comorbidities, macro-and microvascular complications per patient were calculated.
LCA analyses were performed using SAS PROC LCA (version 1.3.2) [34] , and the remaining analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC, USA). P\0.05 (two-sided) was considered statistically significant.
RESULTS
Participant Characteristics
The study included 1504 patients (741 males and 763 females) with type 2 diabetes, and the median age was 63 years (IQR = 13). The characteristics of all participants are shown in Tables 2 and 3 . Over half of the sample had abdominal obesity (59.4%), while nearly half had a family history of diabetes (47.1%). The median HbA1c level was 7.5%, and only 23.5% of patients reached the HbA1c target according to the ADA criteria (HbA1c level less than 7.0%) [25] . The median duration of type 2 diabetes was 9 years, and 69.7% of patients had diabetes for at least 5 years.
Latent Class Analysis
Number of Latent Classes Models with one through five latent classes were estimated (Table 1 ). The G 2 estimates, as well as the three information criteria indices (AIC, BIC and ssABIC), decreased substantially for models with 1-4 classes and moderately for additional classes. BIC was suggested to be the best indicator to decide the number of latent classes in mixture modeling among the traditionally used information criteria [37] . Here, the four-class model had the lowest BIC value. The ACPs, an indicator of the reliability of the LCA class assignments, was highest for models with four classes. Considering conceptual implications, the final model yielded a four-class solution.
Latent Class Profiles
Each latent class corresponds to an underlying subgroup of participants characterized by a special behavioral pattern. The probability of reporting each of the nine behaviors within the generated classes was used to characterize the different profiles of individuals (Fig. 1) . Class 1 represented more than half of the participants with a healthy pattern relative to the other three classes and was labeled the ''healthy behavioral group.'' Individuals in this class had relatively high probabilities of participating in physical activity, being moderately sedentary, following a daily healthy diet and having low probabilities of being a current smoker or drinker. Class 2 accounted for 4.0% of the sample and can be characterized by their high probability of reporting unhealthy behaviors, such as low participation in physical activity, slightly higher sedentary time, low vegetable consumption, high intake of staple food, cooking oil and salt, but low probabilities of being a current smoker or drinker. As such, class 2 was labeled the ''unhealthy diet and less activity group.'' Class 3 represented 8.3% of the sample and was distinguished from other classes by the highest probability of being a current smoker and drinker and was labeled the ''smoking and drinking group.'' Class 4 accounted for the second largest segment of the sample with an estimated prevalence of 28.5%. Individuals in this class had a pattern of the lowest probability of engaging in regular exercise or adequate physical activity and tended to have relatively high probabilities of having sedentary behaviors. Thus, we labeled this class the ''sedentary and extremely inactive group.''
Characteristics of Latent Class Membership
Demographic Factors All participants were assigned to the class in which they had the highest posterior probability of membership. The results were presented in the form of column percentages, which showed that these classes varied by demographic characteristics (Table 2) . Class 3 had the highest proportion of members who were 45-64 years of age (P = 0.001). Class 4 comprised mostly individuals older than 65 years Bold font signifies the selected model G 2 Likelihood ratio chi-square, DF degrees of freedom, AIC Akaike's Information Criterion, BIC Bayesian Information Criterion, ssABIC sample-size adjusted BIC, ACPs average latent class probabilities for most likely latent class membership relative to the remaining latent classes (P = 0.002). Within each subgroup, class 3 was composed predominantly of males, and class 4 participants comprised mostly females (P\0.001). Normal and overweight defined by BMI were similar between classes (P = 0.574 and P = 0.176, respectively). However, a higher proportion of individuals in class 2 and class 4 were classified as obese compared with those in class 1 and class 3 (P = 0.003). Specifically, abdominal obesity was much more frequently observed in class 2 relative to the remaining latent classes (P = 0.037).
Clinical Factors
The clinical factors were disproportionately distributed across four latent classes (Table 3) . Compared with class 1, participants in class 2 accounted for a higher proportion treated with oral antidiabetic drugs combined with insulin (63.3% vs. 51.5%), had a longer duration of diabetes (duration C 10 years: 55.0% vs. 34.3%) and developed more diabetes-related complications and comorbidities (such as more than one macrovascular complication: 30.0% vs. 15.3%; more than one microvascular complication: 30.0% vs. 18.9%; more than one comorbidity: 43.3% vs. 21.9%). The percentages of shorter diabetes duration (duration\5 years: 41.0% vs. 15.0%) as well as glycemic control achieved (30.4% vs. 18.3%) were highest in class 3. People in class 2 and class 4 had a lower proportion at the glycemic control goal (18.3% and 19.3%, respectively). Family history had a higher proportion in class 2 (60.0% vs. 45.5%), although not significantly (P = 0.215). Table 4 shows the results of multinomial logistic regression analysis: people who were obese and had poor glycemic control had significantly higher odds of being in classes 2 and 4 than in class 1. Members who had abdominal obesity, a longer duration of diabetes and more diabetes-related complications and comorbidities seemed to have significantly higher odds of being in class 2. Patients of male gender and age 45 to 64 years had significantly higher odds of being in class 3. However, female gender had significantly higher odds of being in class 4.
Multivariable Multinomial Logistic Model
DISCUSSION
Our study applied LCA to capture meaningful patterns of lifestyle behaviors in individuals with type 2 diabetes. Four distinct groups were revealed in the current study, in which characteristic disparities were obvious. It may be potentially helpful in targeting high-risk subgroups and developing specific intervention strategies. Class 1, the healthy behavioral group, was the most prevalent category (59.2%) in our sample. Although the target level of HbA1c was not generally achieved, the individuals in class 1 had been engaging in a healthy lifestyle. One explanation is that the patients in class 1 changed their lifestyle during the illness because individuals in this class had diabetes for an average of 9 years. Thus, more satisfactory improvements still need long-term persistence.
Abdominal obesity, poor glycemic control, long diabetes duration and the development of diabetes-related diseases were more prevalent in the unhealthy diet and less activity group (Class 2). These findings are consistent with those of previous studies, which indicated the relationship between unhealthy lifestyle and unsatisfactory glycemic control [9, 38] . Moreover, diabetes duration was significantly associated with worse glycemic control, and they both were risk factors for developing macroand microvascular complications [39, 40] . These results are in line with our data showing that the higher prevalence of diabetes-related disease among class 2 members is mostly explained by poor glycemic control resulting from an unhealthy lifestyle and prolonged duration of diabetes. Abdominal obesity in class 2 was more prevalent relative to the other classes. Kissebah et al. first reported that women with central obesity were more inclined to have glucose intolerance, hyperinsulinemia and hypertriglyceridemia [41] . Evidence from a recent study demonstrated an independent and significant association of central obesity with unsatisfactory glycemic control and early nephropathy; physical activity interaction with central obesity was also found to be associated with the aforementioned outcomes [42] . Moreover, the relationship between dietary patterns and central obesity has been observed in older Chinese individuals [43] . Thus, interventions in individuals with longer diabetes duration and more diabetes-related diseases could focus on diet and exercise. People might need to learn their dual role. Not only is weight management by dietary and regular exercise able to reduce Data were expressed as medians (IQR) or n (%) P values for the difference between subgroups were calculated using the Kruskal-Wallis test or chi-square test, as appropriate Bold values indicate major characteristics HbA1c glycated hemoglobin; targets of glycemic control were defined as HbA1c less than 7% (53 mmol/mol), Class 1 healthy behavioral group, Class 2 unhealthy diet and less activity group, Class 3 smoking and drinking group, Class 4 sedentary and extremely inactive group visceral adipose tissue, it is also the cornerstone of any successful treatment of diabetes. In addition to this, men with smoking and drinking behaviors were largely distributed in class 3. Systematic review and meta-analysis indicated that cigarette smoking is associated with an increased risk of type 2 diabetes and microvascular complications such as diabetic peripheral neuropathy [44, 45] . Xie et al. summarized recent evidence showing that insulin action and pancreatic cell function can be affected by nicotine, further facilitating the development of diabetes complications [46] . Thus, smoking cessation is crucial for glycemic control and slows the development of diabetes vascular complications [8] . Regarding drinking behavior, heavy drinkers were at an elevated risk of poor health, whereas moderate alcohol consumption had an inverse association with the risk of type 2 diabetes, but this may be limited to women and non-Asian populations [22, 47] . A recent study conducted on Chinese [48] . Interestingly, relatively more satisfactory glycemic control and fewer complications and comorbidities existed in this group. Possible reasons were the shorter duration of diabetes and adherence to other health behaviors. Therefore, it is imperative to class 3 members to be informed about the benefits of early intervention that focus on quitting smoking and limiting alcohol consumption. Distinct from the above three classes, more women were included in the sedentary and extremely inactive group (class 4). Notably, the percentage of general obesity derived from BMI in this class was the highest, in agreement with prior research supporting that obesity is more common in women [49] . One reason is that fluctuations in hormone concentrations due to reproductive factors predispose women to excess weight gain [50] . Another reason is the high-risk time for women to gain weight, known as menopause [50] . In addition, the lack of exercise and sedentary behavior both play a fundamental role in the process of weight gain [13, 19] . However, gender roles influenced by genetic and social factors place some women in the position of family caregiver, leaving little time or energy for exercise [51] . The American College of Sports Medicine and the American Diabetes Association hold the joint statement that physical activity and regular exercise can assist with the management of blood glucose levels [52] . Thus, lifestyle modification aimed at increasing regular exercise and reducing sedentary time is the principal therapy for members in class 4, especially women with a higher BMI index.
The application of LCA showed the merits of identifying the heterogeneity that exists in type 2 diabetes patients. Four classes emerged from the person-centered approach characterized by different behavior profiles, indicating special needs in those with diabetes. The strengths of the study also include the relatively large size of the sample and diversity of participants. The distribution of participants was wide and spanned the urban areas, suburbs and far-suburbs in Tianjin, and the response to our study was 93.2%. We believe our sample was a representative population, and the results were applicable to other patients in Tianjin, China.
The limitations of this study include the self-reported behavior measures, which are subject to recall bias and report bias. Accordingly, several intervals were offered to help participants to confirm their responses. In addition, data for socioeconomic variables such as education level, marital status and working status were not collected. Future research could involve these variables, which may provide more information that differentiates members across classes. Finally, but most importantly, the design of our study is cross-sectional. Therefore, we can only provide a snapshot of the association between current lifestyle behaviors and other characteristics in diabetes patients. However, four typical behavior patterns were identified in our data, which uncover the special needs of lifestyle interventions. A prospective cohort study is needed to evaluate whether targeted strategies can assist to maximize the potential effect of health interventions, both in the short term and over the long term.
CONCLUSION
Four categories have been identified based on lifestyle behavior factors in a type 2 diabetes population. The demographic and clinical characteristics of each group were evident, which can be potentially used to locate high-risk groups. Individualized behavioral modification strategies should be applied to specific high-risk groups.
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